Efficient fibre-based long-distance quantum communication via quantum repeaters relies on deterministic single-photon sources at telecom wavelengths, potentially exploiting the existing world-wide infrastructures. For upscaling the experimental complexity in quantum networking, two-photon interference (TPI) of remote non-classical emitters in the low-loss telecom bands is of utmost importance. Several experiments have been conducted regarding TPI of distinct emitters, for example, using trapped atoms 1 , ions 2 , nitrogen vacancy centres 3,4 , silicon vacancy centres 5 , organic molecules 6 and semiconductor quantum dots 7,8 . However, the spectral range was far from the highly desirable telecom C-band. Here, we exploit quantum frequency conversion to realize TPI at 1,550 nm with single photons stemming from two remote quantum dots. We thereby prove quantum frequency conversion 9-11 as a bridging technology and a precise and stable mechanism to erase the frequency difference between independent emitters. On resonance, a TPI visibility of 29 ± 3% has been observed, limited only by the spectral diffusion processes of the individual quantum dots 12,13 . The local fibre network used covers several rooms between two floors of the building. Even the addition of up to 2 km of fibre channel shows no influence on the TPI visibility, proving the photon wavepacket distortion to be negligible. Our studies pave the way to establish longdistance entanglement distribution between remote solidstate emitters including interfaces with various quantum hybrid systems [14] [15] [16] .
frequency-converted single photons stemming from two remote quantum dots. In TPI experiments with remote solid-state emitters, one naturally has to deal with spectrally distinct emission lines, which then need to be tuned into resonance. Common approaches exploit temperature, electric field or strain tuning to erase the frequency difference. However, in contrast to these approaches, quantum frequency conversion (QFC) does not act on the solid-state level, and thus does not interfere with the emission process itself and can be applied to transfer single photons over a wider spectral range. Hence, it can act as bridging technology to spectrally interconnect quantum systems, which is an essential prerequisite for quantum network applications in the near future.
In this study, QFC is used to transfer single near-infrared (NIR) photons to the telecom C-band and to simultaneously erase the frequency difference between two independent emitters. Figure 1a shows the experimental set-up, where the same pulsed laser is used to excite quantum dot 1 (QD1) and quantum dot 2 (QD2), which are located in individual cryostats. We initialize the charged exciton transitions on demand via resonant π-pulse excitation. Both cryostats are operated constantly at T = 4 K, leading to a spectral offset of the transition lines of ~7 GHz (Fig. 1b) . As depicted by the energy diagram in Fig. 1c , this frequency mismatch can be compensated by the relative pump laser detuning of the frequency converters QFC1 and QFC2, enabling remote TPI. For this purpose, we make use of QFC employing difference frequency mixing of the emitted single NIR photons (904 nm) with strong pump lasers at 2,157 nm (see Methods). The inset in Fig. 1c shows that the relative stability (20 MHz rms ) of the individual converter pump lasers is well below the homogeneous linewidth of the two emitters, such that the conversion process is not expected to reduce the remote TPI visibility. After QFC, the frequency-matched telecom photons ( Fig. 1d ) are sent via a 60-m fibre link to another floor of the building. At the end of the fibre network, the non-classical photons are brought to interference, feeding a fibre-based beamsplitter (fBS). It is worth noting that when performing TPI with remote sources, the interfering photons are spectrally completely uncorrelated 25 ; that is, the maximum obtainable TPI visibility is determined by both the lifetime (inferred from decay time measurements) and the inhomogeneous broadening ( Fig. 1b ). For this reason, the measured remote TPI visibility in the telecom regime ( Fig. 1e) gives a state-of-the-art value of
. This is in agreement with the theoretical modelling of the data based on ref. 26 ; ref. 27 ), where temperature tuning has been used to frequency-match QD1 and QD2. This shows that the two independently operated frequency converters do not induce any measurable dephasing (as further supported by the respective single-emitter TPI experiments shown in Supplementary Fig. 2 , for example).
To further demonstrate the reliability of using QFC as a tuning method, the spectral offset between the two remote sources was next precisely controlled by means of the conversion process: the accurate readout of the two pump laser frequencies allows for a stable and reliable variation of the spectral matching. Figure 2a presents the visibility values in a frequency range of ~12 GHz, but with an available overall tuning range of more than 2 THz. The resulting tuning series of the remote TPI measurement proves the convenience and stability of the combined technologies, with very good agreement between data and theoretical expectation. As can be seen in Fig. 2b-d , the applied model fits very well with the obtained data. Figure 2b shows the characteristic interference dip for spectral detuning of δν = − 0.7 ± 0.1 GHz. Furthermore, based on the high time resolution in these particular measurements, Fig. 2c shows clear signatures of quantum beating in the centre peak for spectral detuning of δν = 6.0 ± 0.1 GHz, corresponding to a beat period of 170 ps. This effect has so far only been shown for TPI with two remote atoms 25 and organic molecules 6 . In Fig. 2d , no quantum interference can be observed as the polarization is set to be orthogonal, representing the distinguishable case.
Although the telecom C-band corresponds to the region of maximal fibre transmission, the spectral dispersion acquired during propagation of the single photons 28 could still affect the TPI visibility. To further investigate the effect of photon wavepacket distortion in a local fibre network scenario, remote TPI with additional fibre path length of up to 2 km was carried out. Figure 3 shows the resulting remote TPI measurements with symmetric (0:0 km and 1:1 km) as well as asymmetric (0:2 km and 2:0 km) fibre configurations between the photon streams of QD1:QD2. In the symmetric fibre configuration, no reduction in TPI visibility is expected, as the wavepackets of both photon streams are equally affected by the 
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Nature NaNotechNology material dispersion. The expectation is proven by the experimental results giving respectively V 0:0km = 26 ± 2% and V 1:1km = 24 ± 2%, with a frequency detuning between the converted emitters of δν = 0.6 ± 0.1 GHz. In the case of an asymmetric configuration, dispersion may have a stronger effect on the wavepackets travelling through the longer fibre. As a consequence, the mismatch in wavepacket overlap would be increased, leading to a degradation of photon indistinguishability. However, in the experiment, no reduction in TPI contrast can be observed for the asymmetric fibre configuration, respectively (V 0:2km = 22 ± 2% and V 2:0km = 23 ± 2%. These results prove that for local area fibre networks (up to 2 km), the wavepacket dispersion does not degrade the interference process. A test of a realistic wide-area or metropolitan network would reveal the additional influence of temperature variations and vibrations on timing jitter 29 and phase noise in deteriorating TPI visibilities. Nevertheless, as these effects can be counteracted by stabilizing the fibre networks 30 , the effects of dispersion may become dominant. For this reason, and because it is a more predictable influence, the dispersion acting on the single photons was simulated to estimate the minimum degradation in TPI visibility in long-distance fibres. The simulation uses a linear response frame, where the resulting distorted photon wavepacket is then used to calculate the two-photon overlap to extract V TPI (see Supplementary Information and ref. 31 ). Figure 4 shows the simulated remote TPI visibility for the investigated quantum dot pair QD1:QD2 with asymmetric fibre configuration (0:X km). The simulation clearly supports the experimental results, showing a reduction of less than 1% in TPI visibility for a fibre path difference of around 2 km (blue line with diamonds). However, in future quantum network applications, Fourier-transform-limited emission is desired. In this respect, it is expected that, via the timebandwidth product of single photons, wavepacket distortion should be stronger for shorter transition lifetimes. To investigate the effect of different spectral bandwidths, we chose values that are typical for quantum dots embedded in planar structures 32 and microcavities 33 (τ life = 1,000 ps, Δ ν homog = 0.16 GHz; τ life = 100 ps, Δ ν homog = 1.60 GHz).
It is worth noting that, for the longer transition lifetime, dispersion has a very limited effect on the TPI visibility for a realistic fibre path length difference of 10-100 km. The second setting, however, leads to a significant reduction in TPI visibility. In such networks, short transition lifetimes will then result in a 20-60% drop in visibility compared to 2-10% variation for the longer transition lifetime. Here, it becomes clear that when sources have to be used in fibrebased long-distance applications, care must be taken in adapting the emitter lifetime according to the network design.
In conclusion, we demonstrated remote two-photon interference in the telecom C-band using two distinct quantum emitters: by exploiting QFC, the NIR photons were transferred to 1,550 nm wavelength without compromising the photon quality (in terms of photon purity and indistinguishability). The presented experimental configuration further demonstrated that the utilized converters represent a very precise, stable and reliable mechanism to tune remote sources in resonance. The observed TPI contrast over spectral detuning shows very good agreement with the theoretical model, and it compares well with state-of-the-art results for non-converted sources. The measurements also prove that the wavepacket dispersion following fibre propagation does not affect the visibility in a 2-km local fibre network. The applied simulations further show that, in the case of asymmetric fibre path lengths, the remote TPI visibility is strongly decreased when working with broad bandwidth photons; operating long-distance quantum networks, the emitter bandwidth has to be chosen carefully, depending on the fibre length and the emitter counterpart. If the two emitters investigated here were used in a remote entanglement scheme employing local quantum GHz). The data are smoothed via weighted adjacent averaging with a window of five data points (see Supplementary Information and ref. 31 for further information on the simulations). Solid and dotted lines show simulations of twophoton wavepacket overlap for two remote quantum dot pairs neglecting inhomogeneous broadening; that is, both scenarios rely on Fouriertransform (FT) limited emitters. However, they are set to have different photon bandwidths to simulate the respective impact of dispersion. Again, the photon stream of one of the two quantum emitters is subject to a varying fibre length to model a more realistic scheme where the sources are at different distances with respect to nodes.
Nature NaNotechNology memories 34 , one would yield a short-distance entanglement heralding rate up to 1.4 kHz (see Supplementary Information). The described study represents a step forward in the implementation of realistic fibre-based quantum networks, clearly underlining the boundary conditions required for an effective implementation of such a highly desired quantum technology.
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Methods Experimental configuration. See ref. 27 for the results with the two quantum dots in the near-infrared spectral regime without QFC (compare QD1/QD2 of this Letter with QDR/QDB in ref. 27 ). In the present study, both cryostats were operated at 4 ± 1 K and the transition line of both quantum dots (see ref. 35 for further information on quantum dot growth) was resonantly addressed at a repetition rate of 1/τ rep = 76.2 MHz with a pulse width of 3 ps. A confocal polarization suppression set-up was utilized for top excitation with a laser suppression of ~10 7 . Both signals were sent through a monochromator, which was based on a transmission grating showing a spectral resolution of ~15 GHz. To realize TPI, a fBS and a polarization controller (PolCon) were utilized, giving 99 ± 1% first-order interference visibility. Time synchronization was carried out by varying the fibre and free-space delays in the excitation and emission paths, enabling TPI with photons from both remote and individual quantum dots. High-efficiency η ≃ ( 35%) SNSPD and high-resolution Δτ ≃ ( 100 ps) SNSPD superconducting nanowire single-photon detectors (SNSPDs) were used to capture coincidence events obtained during TPI. Data in Fig. 2b-d were recorded using a detector with higher temporal resolution (Δτ ≃ 40 ps SNSPD and η ≃ 40% SNSPD ). At the heart of both conversion set-ups was an actively temperature-stabilized, magnesium-oxide-doped, periodically poled lithium niobate (MgO:PPLN) waveguide chip (NTT electronics) with 18 waveguides in total. All the waveguides had a rectangular cross-section of 11 × 10 μ m 2 and a length of 40 mm. To minimize coupling losses, the end facets had an antireflective coating that was transparent for all participating light fields. Each conversion set-up was equipped with a single-frequency tunable Cr 2+ :ZnS/Se laser (IPG Photonics) as pump light source. The converter pump laser exhibited a wavelength at around λ QFC = 2,157 nm. The converters reached maximum external conversion efficiencies of 34.7% and 31.4% for QD1 and QD2, respectively ( Supplementary Fig. 1 ). Both pump laser frequencies fluctuated with an r.m.s. level of 3σ = 78 MHz. The fluctuation of the pump laser detuning, δν pump , was as low as 3σ = 20 MHz (see Supplementary  Information) , which is equal to the resolution limit of the used wave meter.
The tuning curve in Fig. 2a was measured with a coincidence rate of 6,000-7,000 Hz and averaged over 70-80 min. Data in Fig. 3 were measured with a coincidence rate of 8,000-9,000 Hz and averaged over 70-180 min. During all measurements, around 55 events per second could be attributed to detector dark counts, and another 500 events per second resulted from conversion noise (see also ref. 9 and Supplementary Information). The environment of the quantum dots was stabilized via additional continuous-wave above-band excitation, contributing around 10% to the actual resonance fluorescence.
